Since photothermally-generated u l t r a s o n i c waves c a r r y information c h a r a c t e ri s t i c of t h e g e n e r a t i n g medium and a d j a c e n t media, one-dimensional t h e o r e t i c a l models have been developed w i t h t h e goal o f understanding t h e b a s i c m a t e r i a l e f f e c t s on t h e g e n e r a t i o n p r o c e s s . The i n i t i a l s t u d i e s involved frequency-domain c a l c u l a t i o n s o f s u r f a c e and bulk h e a t -s o u r c e models /5,8/. The bulk-heating model c o n s i s t s o f a nonabsorbing backing m a t e r i a l through which t h e i n c i d e n t l i g h t prop a g a t e s , an absorbing f i l m , and a nonabsorbing sample. As an a i d i n understanding t h e e s s e n t i a l p h y s i c s o f t h e phenomenon, a s u r f a c e h e a t i n g model with t h e abs o r b i n g f i l m r e p l a c e d by an i n f i n i t e s i m a l s u r f a c e source was a l s o t r e a t e d . Calcul a t i o n s o f t h e temperature, e l a s t i c -d i s p l a c e m e n t amplitude and phase, and u l t r as o n i c i n t e n s i t y a s f u n c t i o n s o f p o s i t i o n , s t r u c t u r e dimensions, and o p t i c a l abs o r p t i o n c o e f f i c i e n t were made f o r s e v e r a l m a t e r i a l combinations. The p r e d i c t i o n s o f t h e s e models a r e i n s u b s t a n t i a l agreement w i t h what experimental evidence i s a v a i l a b l e . These one-dimensional models p r e d i c t t h a t t h e e l a s t i c displacement amplitude, A, i n t h e sample i n c r e a s e s w i t h i n c r e a s i n g o p t i c a l a b s o r p t i o n c o e ff i c i e n t , B, u n t i l e s s e n t i a l l y a l l t h e i n c i d e n t l i g h t beam i s absorbed i n t h e f i l m ; A i n c r e a s e s w i t h f i l m t h i c k n e s s , d , f o r a given f3 u n t i l d i s equal t o about 5/B, t h a t i s , about 5 a b s o r p t i o n l e n g t h s . However, A may c o n t i n u e t o i n c r e a s e w i t h f u r t h e r i n c r e a s e s i n d i f t h e f i l m is t h e r m a l l y t h i n . The frequency dependence of A i s a f u n c t i o n o f t h e m a t e r i a l parameters of t h e backing, f i l m , and sample; howe v e r , it i s a d e c r e a s i n g f u n c t i o n o f frequency, and i n i n t e r e s t i n g c a s e s / 7 / i s dominated by w An important r e s u l t o f t h i s modeling i s t h a t , f o r t h e most e ff i c i e n t photothermal elastic-wave e n e r a t i o n , e i t h e r sample o r backing ( o r both) should have a l a r g e v a l u e o f u ( D )~$~ and t h e r e should n o t be a g r e a t a c o u s t i cimpedance mismatch of backing and sample, where o i s e f f e c t i v e l y t h e thermal-expansion c o e f f i c i e n t and D i s t h e thermal d i f f u s i v i t y . With r e g a r d t o thermal-wave imaging, where t h e d e t e c t e d u l t r a s o n i c wave i s intended t o provide information t h a t i s p r i n c i p a l l y c h a r a c t e r i s t i c of t h e h e a t e d volume o f t h e f i l m o r sample, t h e backin should have r e l a t i v e l y small v a l u e s o f t h e r e l e v a n t parameters, v i z . a ) . Thus, thermal-wave imaging measurements might b e s t be made w i t h a vacuum backing.
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The most e f f e c t i v e experimental evaluation of t h e above models of photothermal elastic-wave generation would make use of t h e frequency domain. This approach i s presently impractical since i t would involve tunable, broad-band microwave-frequency modulation of l i g h t . Pulsed l a s e r s a r e r e a d i l y a v a i l a b l e , but t h e r i s e time of d e t e c t o r s i s a problem and t h e models must be solved i n t h e time domain. W e have r e c e n t l y extended c a l c u l a t i o n s based on models s i m i l a r t o t h e above t o t h e time domain, and have designed a d e t e c t i o n scheme t h a t i s suff i c i e n t l y f a s t t o experimentally evaluate t h e theory.
Photothermal generation was accomplished using 8 ns, % 400 kW pulses from a Molectron W22 Ng f a s e r with a v a r i a b l e p u l s e -r e p e t i t i o n frequency up t o 100 H z . This "pump" l a s e r was focused on s o l i d s and l i q u i d s having o p t i c a l absorption a t 337 nm. Because of t h e r i s e time (%3ns) of t h e l a s e r pulse, it would be necessary t o have f a s t -r i s e t i m e transducers and e l e c t r o n i c s t o d e t e c t t h e u l t r a s o n i c waves i n t h e usual way. The requirement of broad brandwidth, t h e f e a t u r e of i n t e g r a t i n g a s opposed t o l o c a l i z e d d e t e c t i o n , and t h e u l t r a s o n i c bonding problem argue ag a i n s t t h e use of electromechanical transducers. Therefore, t h e u l t r a s o n i c pulses were detected using a probe l a s e r (Ar+)
An example of t h e probe-laser d e f l e c t i o n s i g n a l a s a function of time is shown i n Fig. 1 f o r a quinine s u l f a t e s o l u t i o n i n 0.04 M HC1,a good t e s t sample with strong absorption a t the pump-laser wavelength of 337 nm but r e l a t i v e l y transparent a t t h e probe-laser wavelength of 514 nm. Propagation of t h e photothermally generated disturbance was studied by t r a n s l a t i n g the sample p a r a l l e l pump-laser pulse width = 8 ns, photosignal width ' 2 80 n s .
t o t h e d i r e c t i o n of pump-laser beam propagation. By measurement of t h e time delay of t h e probe-beam d e f l e c t i o n s i g n a l as t h e sample was t r a n s l a t e d , it was determined t h a t t h e delay i s c h a r a c t e r i s t i c of t h e compressional

water and thus t h a t t h e primary probe-beam d e f l e c t i o n was due t o a t r a v e l i n g e l a s t i c wave i n t h e sample. Secondary s i g n a l s c h a r a c t e r i s t i c of echoes i n t h e q u a r t z walls of t h e cuvette containing t h e sample were a l s o observed.
A one-dimensional model consisting of two s e m i -i n f i n i t e media, a transparent backing and an o p t i c a l l y absorbing sample, was developed f o r purposes of analyzing photothermal generation and propagation of e l a s t i c pulses i n the time domain. A bulk heat source characterized by o p t i c a l absorption c o e f f i c i e n t , 6, was t r e a t e d a s t h e source term i n t h e thermal-diffusion equation, i n t h e usual way /7/. The thermal-diffusion and elastic-wave equations along with t h e concomitant boundaryvalue problem were solved i n t h e Laplace transform domain. The e l a s t i c s t r a i n i n t h e sample was computed a s a function of time by numerical Laplace inversion.
Some preliminary r e s u l t s of c a l c u l a t i o n s of t h e e f f e c t s of B, material parameters, and propagation a r e shown i n Figs. 2-4 .
In each case, t h e absorbed l a s e r i nt e n s i t y was assumed t o vary with time a s sin2(=t/.r), where T = 10 n s , f o r Ozt5-c; t h e actual l a s e r pulse i s approximated by t h i s function. The material parameters were taken from t h e l i t e r a t u r e / 7 / .
The c a l c u l a t e d e l a s t i c s t r a i n i s shown i n Fig. 2 a s a function of time f o r 5 values of x , where x i s t h e distance i n t h e sample (water) from t h e i n t e r f a c e with t h e backing (quartz). The o p t i c a l absorption c o e f f i c i e n t of t h e sample is assumed t o be 100cm-~, which corresponds t o an absorption length (6-I) of 0 . 1 mm. The s t r a i n pulse s h i f t s from b i p o l a r toward unipolar a s i t propagates, with a gradual change i n shape. The eventual shape of t h e pulse i s f a i r l y well established a f t e r it has propagated about 5 absorption lengths, o r about 0.5 mm, i n t h i s case.
The c a l c u l a t e d s t r a i n , divided by 6, i s shown i n Fig. 3 as a function of time f o r water/quartz f o r several values of B. The value of x f o r these calcul a t i o n s i s 0.5 mm, which corresponds t o a t l e a s t 5 absorption lengths f o r each value of 6; t h u s , t h e eventual pulse shape should be well approximated. I t should be noticed t h a t t h e s t r a i n amplitude increases with increasing 6 over t h i s TIME CNANOSEcomS) Fig. 2 . Theoretical s t r a i n vs. time f o r several values of x, 6 = 100 cm-I, peak absorbed l i g h t i n t e n s i t y = 1.0 w/m2, . c = 10 ns, sample = water, backing = q u a r t z . I n t h i s c a s e , t h e backing m a t e r i a l i s assumed t o be a i r , which i s a l a r g e a c o u s t i c impedance mismatch f o r water.
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The p h o t o e l a s t i c a l l y -d e f l e c t e d probe-beam s i g n a l shown i n F i g . 1 has a f u l lwidth a t one-half t h e maximum amplitude (FWHM) o f about 80 n s . The e x c i t i n g l a s e r p u l s e had a FWHM o f 8 n ? . Thus, t h e r e i s s u b s t a n t i a l broadening o f t h e e l a s t i c p u l s e r e l a t i v e t o t h e h e a t i n g p u l s e , a s p r e d i c t e d by t h e t h e o r y . Accurate q u a n t i t a t i v e comparison o f experimental and t h e o r e t i c a l e l a s t i c p u l s e shapes i s hampered a t t h e moment by a l a c k o f p r e c i s e knowledge o f t h e B of t h e sample. Furthermore, one must b e c a r e f u l t o e l i m i n a t e t h e e f f e c t of t h e d e t e c t i o n geometry on d e t e c t e d p u l s e shape.
I n conclusion, we have developed a one-dimensional model o f photothermal g e n e r a t i o n o f s h o r t e l a s t i c p u l s e s i n t h e time domain. The t h e o r y p r e d i c t s t h a t t h e p u l s e shape changes a s it propagates from t h e photothermal g e n e r a t i o n volume, o b t a i n i n g i t s e v e n t u a l shape i n about 5 a b s o r p t i o n l e n g t h s , and o b t a i n i n g an e v e n t u a l FWHM o f t h e o r d e r of (vB) l . The shape and width o f t h e e l a s t i c p u l s e a l s o depends on t h e boundary c o n d i t i o n s a t t h e sample-backing i n t e r f a c e . P h o t o e l a s t i c laser-beam d e f l e c t i o n appears t o be a good technique f o r experimental s t u d y of photothermal e l a s t i c -w a v e g e n e r a t i o n /9/.
